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N0 NPHMEHEHHH ATONHON SHEPIHM ORIGINAL: RUSSIAN

B MRDHBIX LENAX

He nopnewni ornawennio a0 odkumnanshoro coofuennn na Hondepenuun

| 25 YEAR RE-REVIEW|

TEIJIOOBMEH IIPY TEYEHUM X1JKOI'O METAJNJIA B
TPYBAX

'.C.KyraTenaxse, B.UM.CyoGoruH, B.M.bopumanckui,
II.Jl.Kupuannos

1. PacueTr TénnooGieHa B EUIKUX MeTanlaX
; Ha OCHOBAHMU INOJYOMNUDUYECKO/ Teopum
TypOYJeHTHOCTH

B HacToAleM XNOKJaJke M3Maranrcd pacoTh, KOTOPHE NPOBEIeHH B ,
CrseTckoM CO3e 70 M3YyYeHUD TEIJIOOOMEHA K HMIKXAM MeTajjaM 3a Moc- o
nejHue TOLH. OTi PAUOTH ABJANTCA JaJbHe}{UUM pa3BUIMEM TeX, YacTh ‘
pe3yibTaTOB KOTOPHX OHJ& JoJoXxeHa Ha MeHeBCKOM KoHPepermumu 1955 ro

- La (1),
» JMIKMEe MeTalJH 00pasymnT ocoOCui Kjaace TeInJioHocuTeNeli, XapakTe-
‘v PU3yeMHk BeChlMa Ma/iOi BENMYHHOM OTHOWEHWA KUHeMAaTHYeCKOR BABKOCTH

K TeMmepaTypONnpoEOIHOCTH ( JId EUIKMX MeTasiOB uncla llpanjran cy-
lleCTBEHHO MeHbIlE €LMHMLH). B CBA3U C ITUM MOJIEKYNIAPHHI IepeHOoC
Tenia uueeT CYWeCTLEeHHOE 3HaYeHME HE TONBKO B MPUCTEHHOU CHOE, HO
M B AApe TYpOyJEHTHOTO NMOTOXA MeTalJMyYecKod ZUAKOCTH., B pesynbTa-
T€ 9T0r0 3aKOHOMEDHOCTH, YCTAHOBJIEHHhE IJIf TA30B ¥ HEMETAlNMYECKUX
XUIKOCTEH, B ZAHHOM CIy4Yae OKa3WBADTCH He JLeiiCTBiiTeJbHHMA, YTO
BNEPBHE OKCIIEPUuEHTANbHO OHIO MOKa3ado B pavoTax (2; 33 4.), [lepsuil
TeopeTMYeCKui pacueT TEMIOOTIAYM NDU TYDOYyNEHTHOM TEUEHUM HKUIKOIO
MeTajia B KDyraoli TpyGe OHA BHNOJHEH B padoTe (5). B nanbHeiimem —
(6) B 9TOT pacyeT OHJIM BHECEHH HEKOTODHE yCOBEpDWEeHCTBOBAHUA ¥ BBE- '
JeH0 ynoCHOe MHTErpajbHOe COOTHOuwenue Jjii uucJaa HycceabTa mpu

4.

.
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TOCTAHHOM TENIOBOM MOT0KE YePe3 CTEHKY TDyOH. [ DMHLANMANBHHE [10/0~
KEHHA QTMX PalOT He BHXOLWIM 3& DAMKH U3BECTHHX HONOKEHUM MOy dk—
MUPUYecKoli Teopuu TypOylE€HTHOCTH, TAK KAK B HUX nojaranocs, 4ToO
OTHOUEHUE MHTEHCHUBHOCTeH TYyPCyNeHTHHX NEPEHOCOB KOUYECTHa ABMNe-
HUA M TeNIOTH OCTaeTIcd CJOMBKUM K eIuHulLe., YUUTHBAJACh JUWD COM3ME-
PUMOCTE MOJIEKYNSAPHOTO Il TYPOYJEHTHOT O NEPEHOCOB TEMIOTH B ALpe Mo-
TOK&.

B padore (7) Ownu BHEBAHYTH COOGpaxeHuma, o KOTODHM MHTEHCUB-
HOCTb TyPOYNEHTHOTO NePeHOCA TEMNOTH MOXET GHTb CYUeCTBEHIIO MEHb~
meH, YeM MHTeHGMBHOCTb Ty DOyNEHTHOLO NeDPeHOCA KOJMYECTBA JBUKEHHA.
' B panbHeilmeM, HeCKOJBK) nHaue, 9Ta TOYKA 3peHUA OHJa M3JOXeHa B
padore (8).

AHaim3 MeTOZLOM pasueDEHHOCTENl NOKa3HBAeT, UYTO KOMDOULMEHT He-
noxoGua TypdyNeHTHOrO NepPEHOCa KOAMYECTBA TEINOTH X IBUNEHUA 3aBM-
cut or uncia IpaHATAA # Ce3pasMepHHX paccToAHME oT cremxu (11 ;15)

1/

IIpy 3TOM

B mepBOM NMPUCIMKEHUY:

gtzé\i@ﬁ""?) 13/

I3Meperna pacnpefeleHMA CKODPOCTEH B TypOyJeHTHOM NOTOKe PTyTH
(2,9,10) moxasanu, YTO uEXaHU3M TYDPOYJNEHTHOTO NePeHoca KOJMUYeC Tha
ABHECHUA B META/JIMYECEHX M HEMeTaJIMYECKUX KMJIKOC TAX OLMHAKOB.

Vi3MepeHua TemmepaTypHHX HOJe# B IOTOXe PTYI CHJY BHIOJHEHH
B padorax (9,40). C u3sbec THiM NpUCIMKEeHUEM PE3YABTATH 3TUX ONHTOB
(I0) Moryr OWTH BHpaxery CJleiLywiei dopuynoit, BUL KOTOpPOi BHOpaH
Ha OCHOBE HECKOJPKO yTOUHEHHOH cxeMu,usnozeHHoll B (7),

&=0,032%, (1— e"0,03z£¥4) ) /41
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OIHaKoO u3MepexHud, npousBexeHHue Kupuanosim, Cy60oTuHHM, CyBO-
posuM ¥ TPOAHOBHM C TWaTeibHO CYMDIEHHHM CIIABOM HAIDUA C Kajuew,
Jant J0BOJIBHO CJAMBKOE COBNALEHME M3MEeDEeHHWX TeMIepaTypHHX nojeii o
pacueraum mo (6) (mpu & =I) u HecKoNBKO Colee XyJZuee ¢ pacueTaMy
mo (5) (puc, 1), OueBMLHO, YTO UMEDUMXCA JAHHHX B HACTOALEE BpeMA
Hex%i;Tra:roqno LJ18 TOr0, YTOOH H&aJLEeXHO PEWMTh BONPOC O COOTHOWEHMHU

vy Ind EUIKAX MeTaliOB.,

llperembEne (MUHMMAAbHHE) 3HaueHHa yucia Hyccesbra zaa TypOy-
JI@HTHOTO ITOTOKA B TPyOe MuenT MecTo npu yucie Pt =0, CoOTBETCTBY -
mUe 3HaUE€HHA Aa4 ycaoBui T, =const , paccuuranuue B (12),
M JI1d YCJIOBUA Qyu,=con/5t, raccuuTannse B (13), npubeleHH B
clelypue# Taoauue!

3HaueHud yucaa
ueckod u TemoBO¥d cTaCUIM3ALMY

HAmin D

npu P =0 B odnacTu TUIPOLUHAMU~

wD
Re=-~ 1o 3.10¢ 10°  |1cP

t,,=const 5,06 | 5,24 5,43 | 5,5

4 =const €,8 6,8 £,8 | 7,1

PacyeTh, BHMOJHEeHHHe JleBuuen, Hyrarernazse, MsaueHxko u 3adaol-
KOl 1o NpMBOIMMON HMXE CXeMe, noxasalud, YTO pajJ XapaKTepUCTIUK Tel-
J000KeHa B FUJKUX METaJlaX MOxeT OHTh BHIYUCIEH B paMKax OCLHYHOK
NOJNydMMUPUYeCKOoy Teopuy TypOyJIEHTHOCTH Oe3 npelBapuTe bHHX 3HaHUIi :
BeJyuuEe &£, JIpu 9TOM, OJHAKO, HEOGXOLMMO yUeCTh paSjuuie TOJLMH -
CToeB ¢ npeoliazaHueM HMONEKYJASADPHOA BABKOCTYM M MOJEKYJIAPHOW Tenio- :
MPOBOIHOCTH,

Jlo EBY XCN0HHOA cxewe TypOYJIeHTHHE MMOTOK JeNMTCA Ha cJod ¢ asco
NCTHEM NPE O0NaZanueM MONEKyIA DHOTO nepeHoca (JIUHAMHYECKHA MOLCIOM,
B KOTOPOM IipeironaraeTcd TONBILO MOJIEKYJADHad BI3KOCTh ; TETNOBOK -
MOJLCHOiH, B KOTODOM peAnolaraeIcd TOAbKO MOJIeXy I pHAA TelJOonpoOBO - '
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HOCTb) ¥ ALPO C alCOMOTHHM NpeoliafanueM TypOy JeHTHOTO NepeHoca,
[lopAJOK TOJUMH CJ0EB C MOJIEKYJIADHHM MePeHOCOM ONpenendeTca (gopMy-—

JaMi
o/

¢/

Jockonbky mpu Pt =1 mmeer MecTo nojolue TemrepaTypHHX M CKO-
POCTHHX IoJed, TO MHOXMIEJ D NPONOPLIMOHAJNBHOCTM B 3JTUX Jopmyjlax
OIVH U TOT ¥¢, C J0CTATOYHOL TOYHOCTHN MOXHO NPUHATL IJ4 HEro Beau-
yugy 11,7,

CormacHo paccuMarpubaeMoil cxeme Iy lg” =R, y Te€, KOTJQ
TOJILMHA TemIoBOT 0 NMOKCHI0A pacnpocTpaHieTcd Ha BCe cCeyeHue TPyOH,
MHTEHCUBHOCTD C TalWiM34YPOBaHKO! TEMIo0TZauy onpexendercd TONbKO
MOJIEKYIADHOH TEeTaonpOBOLHOCTHL,

CooTpeTcTByolee npejesibHoe 3HAYEHHe Ylucaa [lexae onpereJnTcd

dopuyiaoit

-D _ g a 8
%—Qo—u,ﬁr% —H,Fﬁ—\l 3

N, COOTBEICIBEHHO,
D — [¢]
e =g

CaenoBaTelbHO,

npr  Pe <Pe, Nu=NU min

npu Pe>Pe1 ) Nu= Nu Wi /9]

OTM COOTHOLIGHHI CIIpaBEIMBH IPM DasBUTOM TYDOYJAEHTHOM Teye-
HUM, T.€. NDU YMciaX PeliHonbjca COMbmMX, N0 Kpalimeir mepe 5-I0°,

B caezynueii TadavIle NpUBeLeHH TNpele/ibHHE 3HaueHud uncea llexne,
HYEe KOTODHX BJMAHNEM TyPOYJAEHTHOr O MepeHoca Ha TemnooTiayy B
Tpy 0ax NpakTHYECKH MOEHO IPeHEOpEeub.
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Re 0,5-1¢% 1. 10t 5.10%

Pe, 3,417 3,7.10F 4,5-10°

Ha puc. 2 HaHEeCEHH De3y/bTaTH YKABAHHWX BHIIE pacyeToB NpU yuc-
nax llpangmaa or 0,005 1o 0,030, T.e. Lid 3HaYeHHMi, XapaKTepHHX
LI XMJIKUX MeTal)iOB.

lpu 9TOM mojaraJoch, YTO B 00JaCTH 0<l21<l4ﬂ1 )\rr’ =0; a B
001acTy Yir<y <Rq

A= 0,4 9e 5y v

Kak u B xpyrux pacuerax (5, I3) Bausuue uucga P~ s B yKaszaH-
HOif o0nacTi ero 3HaueHudt, Ha sasucumocTs Nu oT Pe Bechua cia-
Goe u Yepes pAaCUETHHE TOYKHU MOXKHO HDOLECTH 0LHY OCpeIHAKRWLYD M-
HUD,

Ha puc, 3 npuBeleHH Pe3yibTaTH DPacyeToB N0 CXeMe ¢ I1€ PEMEHHHM
BHavyeHueM £ . B 9TOM ciyvae TypOyJeHTHHI NEDEHOC TemJa yuMTHBANCH
B COOTBETCTBUM C Qopuysamn /2/ u /4/, HauuHag -CO 3HaYEHUA ‘j=‘;}i
ComocTabiieine 0CDPeLHADLUX KPUBWX NOKASHBAET BEC bMA YyAOBIETBODUTE/ b
HOe corjacue uX Ipyr ¢ Ipyrod. OTCERZa BUAHO, UTO MPUHLMIKAILHOTO
NpOTUBODEUMs MEXTYy XBYMA DACCMOTPEHHHLM DACUETHHMA CXeuaMmu He Cy-
LecreyeT.

lIpuBeseHHEE DACYETH MOKA3ZHBADT, YTO ¥ B 00IACTH BeChLa MAANX
uicen Py uHTErpa’bHue XapaxTe pUCTUKM Npolecca TeIiomnepenayy
BIIOIHE yXOBI€TBODUTEJIBHO BHUMCIADTCA IyTeM pasjefeHua NCTOKA HA
ABe 001acT! C PasNAMUHHMM MeXaHUSMaMi IepeHoca Temlu. [lpn aTou B
JAHHOM METOLE 0TCYTCTBYeT HE OCXOAUMOCTh B CBEJEHUAX O HEIPEPHBHOY -
u3Menerun QPEKTUBHOTO K03PHULMEHTa Ty POyIeHTHOU TeMJI0NPOBOLHOCTH
10 CeyeHun NOTOKA. OUeBUIHO, YTO ITOT NDUEM CNPABEISUB U IDU pac-
d€T€ TEeIJOBOTO MOrPAaHUYHOTO CA0A Ha MOBEDPAHOCTH Ted, OOTEKAEMHX
NMOTOKOM XMAKOTO MeTaJjna, OLHaK0 9TOT MEIOL He CHUMAET HeOOXOIHO-
CIN CNELMalbHOIO M3YUeHUA LeMcTBUTEABHOI0 COOTHOWEHUA MeHLy MHTeH-
CHBHOCTAMY NePEHOCA KOAMYECTBA NBMXEHMA H Temjia.

Lcny npoaHanusmpoBaTh MIZENUMECH TEODETHYECKIie peiieHUd, TO OCHa-
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py xuBaercd, uYTO mpu COJBLUX UMCIAX Pe  pausnue cnocoda 3GiaHud
rpaundnux youosuit (t, = const I q,wzcon,at ) Ha Be-
nuuudy Nu CTaHOBUTCA Becbua CJalhi.

o, AHaau3 OIHTHHX LAHHHX MO TEMIo0TIAYE
B TpyOax

D macToalijge BpeMA ONyOJIMKOBAHO 3HAUNTEINBHOE KONMYECTBO padoT
0 MCCJEIOBAHNK TEIIOOTAaYMd NMPY TeUeHHH RUIKUX MeTaln0B B Tpydax.
To4poCHYe OO30PH STUX PaACG0T MOKHO HAWTM B (11; I4; 15). OCGpamzercH
BHVNAHME HA BecbMa 3aMETHOE PACXOxIeHNe ONNTHHX AAHHHX, MOJNy4eH-
HHX pasiuyknM4 aBTOpaMu. Tak Hampuiep, pa30poc OMHTHHWX TOUCK Xa-
paxrepusyeTca MOJNO0COA, XOODAUHATH BEDXHEM M HMEHel TPauuli KOTOpO:
B oonacty uucen Pe> I00 MoryT OLTh BhipaX€HH CJELYRWAMI HlCHauu:

Nu
Pe 200 IuJ0 10 000
Bepxuaa rpanuia 8 I3 40
HuxHaA rpaHula 3 6 25

CneIyeT o0paTUTh BHUMaHUE Ha TO, YTO B oGnactu mainx uucen Pe
( < 100) B paJe cayyaeB HaONWAANOCH PE3KOE CHUXKEHMe TelNo0TJIauy
(1I1; 14; 16), cBABAHHOE NO-BUIMMOMY KakK C yBeJuuuBapLeica poabp
KOHTAKTHOTO CONDOTUBIEHME, TaKk Y C BOBMOKHHM B HEKCTOPHX CHydadX
HETOUHHM CMOCOCOM BHUMCJ/EHUA DacyeTHOH Da3HOCTM TeMnepaTyp 3a CcHuel
npeHeCpexeHua OCEBHMU MOTOKaMu Tera (17, 18).

ONHTHNE JIAHHHE yKaSHBAWT Ha Hanuyue HEKOTODHX WHIMBULYJbHEX
0CoGEHHOCTE]l B MeXaHW3Me TelIooCMeHa K Da3JMYHLM MeTalJuuecKuM Kul-
KOCTAM, BO3MOXEHO, UYTO 9T0 06CTOATENABCTBO CBA3AHO C TeM MM MNHHM
MeXaHIBMOM B3aUMOIECTBMA NMOTOKA U NOBEDPXHOCTH, NMPUBOLALETO K M3—
MEHeHUH TaX Ha3HBAEMOTO TePMUUYECKOI0 KOHTAKTHOrO CONPOTMBIEHUA.

Hex0oTOp:MUM @BTODAaMM yKa3HBaJOCh HA W3uEHEHUE BO BDPEMEHM K03(Q-
QUIMeHTa TemAOOTZAuM NMPU TeUeHU! B Tpy6ax 3BTeKTHKM CBUHEL-BUCMYT
(41, 14,16). Ha puc. 4 npuBeLEHH pe3ylbTalH ONHIOB o TemI00Tiaue

. "'\ . ' R I -
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K BBTEKTHYECKOMY CIUI&BY CBMHEL-BUGMYT, noayueuine B padorax (I1,19),
a Takxe ll6paruMoBa 1 Cy6GOTHH@ CO CBUHILIOM, 3auepH NMPOU3BOLUINCE
NOoCJe MHOTMX 4acO0B paloTH ycTaHOBKM, KOTJI ITONYyUEHHHE 3HaUeHUA CX
B ONpeJeJIEHHO Mepe cCrauausMpoBaauch. Kax BHAHO u3 rpagura, uueer
MEeCTO yJOBJIETBOPUTEJIBHOE COBNALEHME DE3yAbTaToB Pa3HHX MCCAej0Ba—
Hult, Ha 9ToM %€ rpaduke HaHeceHa JMHUA, DACCUUTAHHAA IO MBJIOKEHHOIK
paHee cXeue C NMepPeMEHHHNM TenIOBHM lioLCJoeM., PaccuuTaHHad KpubBad U
paccMaTpupaeMHe OMLITHHE LA HHHE XOPOWO COMacywIcA IPyr ¢ JIPYyroM.

HeoOxozumo oTMETUTH, YTO BCE ST ONKETH MMPOBOIUIMCE B TEXHUYE—
CKUX YCJHOBUAX, KOT XA He NPUEMMANUCDL CIeldajbHHE MEDH IJA OYMCTKU
TeIJOHOCUITeNA U MOBEDPXHOCTM Harpesa.

Harnsazdoe npeicTaBieHMe 0 BAMAHMM YMCIOTH XUIKOI'O MeTaJslJa Ha
TEMIOOTA&YY LAaohT DPe3yJbTaThH OMHIOB NOKa3aHHWE Ha pUC. 5, COCTaB-
JE€HHOMY Ha OCHOBaHMM JaHHHX [mpunnosa, CyddoTura, CyBo,osa, TposHO-
Ba,NpPOBONMBIMX ONHTH C ®BTEKTMUECKMM CIIJIABOM HAaTpuUA C KaaueM B Men
HHX TpyOax, Kak BULHO U3 DMCYHKA, NOCJE OYNCTKM COraBa QUabIpa-
et (30HA A) XOSPOUIMEHT TemIo0TLaYM IMOBHEAETCH . [locike [IOBTODHO-
ro 3arpa3Henns oxucyasuy (3oHa B) KOOQOUIUEHT TeMI00TIaYM CHUXAETCH,

B pacore (20) GOm0 3aMEeYeHO0, YTO C YbeiMYeHMeM BpeMeHM paCoTH
YyCTa4HOBKM TENIOOTIAYA K HaTpPUB Bo3pacTael, AHATOTMYHOE ABJIECHUE
MHOTOKDaTHO HaOILANIOCh M B omurax Kupuasosa, CyocoTuHa ¥ TpoaHO-
Ba CO CIJIGBOM Kaauii—-HaTpuii . Pe3yibTaTH JBYX Cepuii ONHTOB IIOCIEIHUX
@BTOPOB MNDUBEJEHH Ha puc., 6,

Ha puc. 7 npuseLeHd ONHTHHE JaHHKE IO TEIJOOTAuYye K HaTpup
Mpy TeUeHuM B MENHHX U HMKEJEBHX TpydaX, NMoiyuYeHHHe B COBETCKOM
Cowse 3a nocaelHKWe I OJk,

OnuTH (I,/I9) JaT COBII&JeHUE Pe3yaAbTaloB. Pe3yAbTaTH OIHTOB
(20) pacrmonaraiTca HECKOABKO BHUWE B 001acTd MaJNX Yncesd Pe
Hazo oTueTuTh, YTO BCE 9TH ONNTH NIPOBOJMIMCH Ha yCTAaHOBKaX, He
CHAOXEHHHY XOJOLHHMM JIOBylKaMi. Pe3yJbTalh ONHTOB Kupuanosa, Cyo-
6oTuHa, Cysoposa, TpOfHOBA, NDOBELEHHHX CO CIIJIABOM HATDMA C Ka-
q/eM Ha YCTaHOBKE,CHACkeHHOL XONonHHMM Jiobymxauy (KOTophe odecne-
ugBaAM COJEpXaHUe OKIiCi0B, He BHXOJAliee 3a BesuuxHy 0,003%) pac-
MojarawTcH BHIE BCEX 9TUX HaHHHX, Cxema yCTaHOBKY, Ha KOTODOI
NPOEOZUNUCH BTH OMHTH, NpUBeJeHa Ha PUcC. 8.

. . | N
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JloBywxa Ais OKMCJIOB ¥ DACTBOPELHHX B CIJIABE BelecTs, oXlaxia-
lach Ha 9TO0i yCTaHOBKE KMIALUM TOJYOJOM. WHIMKaror i onpejeaeHud
COLEPHalNA kucaopola B Cruase padoTan Ha WPUHLMNE 3a0MLAHMA MENKUX
OTBEPCTii OKUCHAMH NMPU CHUKXEHWM TeMmlepalyp Criiaba Jo TeMIepaTy pH
HaCHLEeHUA ero OKucaaMiu.

KoedyniuuenT TemmooTnauy ompeneasacs OZHOBPEMEHHO N0 HEIocpeL-
CTBEHHOMY USMEDEHMI TeEMIEPAaryp CTEHKM X BHUMCJIEHUD ee BEeNUYMHN Ha
OCHOBAHMM M3MEDPEHHOT O NOJNA TEMIepaTyp B KUIKOGTH, UTO npu JocTa-

TOYHOW TOYHOCTHM M3MEDEHMHA TO3BONAET ONpELENUTD BeJIMYUHY TepUIYECKO-

'O KOHTAKTHOTO CONDPOTUBICHUA HA I'DAHULE ¥UIKOC TE-CTEHKA. CXeua
pacdouell TpyOH, BKJIOYE DUEH yuacTOK TULPABIMYECKON ¢TalunusaLuu,
NOKasaHa Ha puc. 9.

ComocTapienme uMe WIUXCA MyCAuMKauui He [I03BOJAET COCTEBUTh YeT-
KOT0 3aKIN4Y€HHA O BAMARMK K00ABOK MOBEPXHGCTHOAKTHBHHX BelleCTB
Ha TEMIo0TRauy K XuZKuM MeTasraM, OmuTH (I9) ¢ goGaBxaMu MaTHAA K
OBTEKTUKE CBUHEL~BUCMYT HE NDUBEJM K 3aMeTHHM YJayylleHuUAM TemnnoTra-
un. Clexyer caMeTHTb, YTO B HEKOTOPHX AHTIMACKMX B aMepUKAHCKUX
nyCnuKAIMAX 0TMEYaDTCH Takxe, Kak @HAJOTUYHHE, Tak ¥ NPOTUBONOIOX-
HHe pesyabraTty (2I, 22). Il08ToMy KOZMUECTBEHHY IO OEHKY 3TOro ABJje-
HUA B HacToflige BpeMA He NDPELCTABIAETCA BOSMOXKHHM COGTABHTD.

B cBeTe M3NOXEHHWX 9KCIEeDPHMEHTa] bHHX 1aHHHX LIf pacueTa cpeg-
HEH TeINOOTLAYY K ¥UILKUM MeTallaM, He NoOIBepraBLUMCA CleLyasibHOii
OUMCTKE, U NMpu TEUEHMM B TEXHMYECKHX TPy0aX, C YUeTOM HOBHX JaBHHX
0 QU3NYECKUM CBOKCTBaM paCouUx cpex (I1), MCTYT OWTB PeKOMEeHLOBa~
HH QOpMyIH, mpefsokeHHue B padorax (1, 19) mpu L/D > 30 u Re» 1ot

300<Pe < 20000 Nu=3,3+ 0,014 Pe %
300 < Pe < 15000 Nu= 5+ 0,002I Pe

OCe (QopuyiN HanT HIPaKTUYECKH OLMHAKOBHE pPe3yibTaTH, HO BTOpad
HECKOIBKO NPOLE JJA PaCYETOB.

B odnacrn waaux yucenr Pe (80< Pe < 300) Bmpess 1o nojayve-
HUA GoZce NMOZPOCHHX L&HHHX OPMEHTUDOBOHWI Dacuer LA UHEEHE PHHX
uexed moxHo sectu (11, I9, 24) no gopuyie

(o/

NL{ '}\’/O) '? po‘0,33
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J1U QOPUYyIH CJELyeT DaccMaTpMBATh Kak JALLMe HUKHUN Npesed 110
TernoorT.auye ¥ XKMAKUM MeTalsaM. IJIA MOBEPXHOCTeL HArpesa IpU 0TCYT-
CTBUI TepPMUUECKOT'O COMPOTMB/AEHMSA HA CTEHKE M BHCOKOH YMCTOTE XHIKO
MeTANNMYECKOT0 TEMIOHOC! TeJid, TeMJ00Taya OyJeT BHUE ]dCCYlNiTaHHOk
no gopuynau (10) u (I71), [TomHTKA yuyecTs OKCIIC PMIieliTaj bHHM Iy TeM
BIUAHI€ TEDPLUYECKOr0 CONPOTUBIEHMSA Ha TEmIOOTHAYY Ohia CLeJaHa B
padore (I). OIHAKO MuEBHMXCH ONHTHWX ZAHHWX LIS CO31aHuf Hae & HLX
PaCUeTHHX PEKO..€Huallii, yUMTHBADLIMX DASAUYHYHD CTENEHD YNCTOTH ME-
Ta/iJa ¥ annapaTypH, ele He L0CTal OYHO,

3. llekoTopue 0COCEHHOCTH TEMIOOTIAYM NpH
BHEWEEN OCTexaHuy¥ TPyO KUIKUN METakJIoM

llpy BHeWHew OOCTeKaHUM IMOBEPXHOCTU TemioosueHa cpeioit ¢ yucsou
P <<t ronmuna temmosoro MO PAHUYHOTO CJI04 (5”,,. CTAHOBUTCA Cy—

LeC TEEHHO COAbWE TOMLWHH IMHAMHUECKOTO MOTPAHMYHOrO ciod O . B
CBASH C 9TUL MDY PelleHUM ypPaABHCHMI TENIOBOT'O NMOT PaHKYHOTO CJ0A
Ie1eC000Pas3HO Pa3,ieluTh NOCAe M HA IBe OCJGCTH s 00zacTh, OxBa-
YEHHY® THIPOZMHOMIIVECKUMY BO3WYLEHUANMI, B KOTODOM Ha 0Tpeske 0 <
<‘Z1 <J NPOLO0IbHEA COCTABLALIUAA BEKTODA CKOPOCTH W, lieHAeIcH
0T O 40 CXODOCTH HEBOBNYULEHHOrO moToka W, U 0GJAGCTD OXBaUEHHY
TCILIOBLNH BOBLYWEHUIMM Ha OTPesKe 6’<\4<6’T , TJe CKOPOCTh
0CTaeic:A NMOCTOAHHOLU U paBHOK W .

CTHOWEHHE TOMWUH INUHANMYECKOrO U TEIIOEOTO MOTDAHUYHOTO C0EB
H@ TLIOCKOL MJIacTuHe npy Py <1 onpexrensercs gopmynoi (I1):

d 2 Py
8 Pu>?(Py +1,50)"° [12/

Tpu uuciax Pe 1
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ComocTABNEHNE PE3yAbIaTOB PacyeIOB II0 ITUM LBYM (QOPMYJay npu-
BeleHO B ciaelyblieii Tadnule.

p‘(, O:I

S no ¢-ne /I2/} 0,395

[0 G-ne /13/ 0,465 0,369 0,171

pacxoxxeunue B % I5 17 37

HeGMOTPA Ha TAKO€ 3HAUMTENBHOE B3aMLHOe DACXOXIEHME, GoJee
npoc Tad 3aBucuMocTh (I3) OKasLBaeTcA BIIONHE YLOBJAETBODUTEAbHKK
NpUOJIMKEHIIeM JJIA BHUMCIEHUA KOOyUMUMEHTa TEMIOOTLAuM ¥ NPHU uiciax

Pv <1, 9To BuTeXaeT U3 TOr0, YTO IA# JAMMHADHOTO NMOT PaHUYHOIO
caioa Ha mnactude (11) npu P 1

rre B KaueCTbse XapaKTEeDHOrO JMHEsHOTO pas3Mepa npuusrTa JIXHA NIaCTH-
uu s, Pacxoizenne me Benmqnﬂ'qi-.i. s DACCUMTAHHHX C ITOMOLBI
Qopuyn /I2/ u /13/ B uHTEeDpBale yucen Pn or 0,05 zo 0,005, He
npeBHuaer 5%,

A1 n060OBOL 4YacTu NONEPeYHOr0 00TEKaeMOro OJUHOYHOTO UMIMHL-
pa 3&aBuMCUMOCTDH COXPaHAET TOT k€ BihJ, HO MHOXHTEAb NPOMOPLIMOHANBHO-
CTU HECKOJIDBKO MBLEHAETCi, lIPM OCTeKaHM¥ BASKUM ITOTOKUM ¥ IPELNONO-
ZeHUM MOCTOAHCTBA YPOBHA TEMIOOTAdYM 38 TOUKOi OTPHBA 3TOT MHO~-
xuTens paseH 0,8,

Bucoxas TemaompoBOIHOCTE MeTanna NMPHUBOIMT K MOBHWEHMK DaBHO-
MEeHOCTY pacnpefieleHME TEIIOOTHRYYN MO MepumMerpy TpyOH, OCOOeHHO
B KODMOBOX 0CnacTd OCTEKaHUA. AHANOTMUHHE JaHHHE MOJyYeHH M Jid

makeToB Tpy6 (II, 23).

Ilpy NpOZONbHOL OMHBAHUM NakeTOB TPyO Takxe BO3HUKAET U3BECT-
Had HePaBHOMEDHOCTH PpacnpelejeHus TennooTnauk, 00, CIOBIEHHAA pasd-
TVYHHML CKODOCTAMU TEUEHMA MEeTajJa B WHMDPOKUX M y3KuX 00la2cTaX MEX-
TPy OHOTO MpOCTpaHCTBaA, HepaBHOMEDHOCTH OTBOJA TelJa C IOBEDPXHOCTH
LUIMHJIPOB LOJXHa yUMTHBATBCA NP/ pacyeTe X BHYTDEHHETO TeunepaTryp-
HOro nojd.
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O6osHauvye HU 4
X

(Krcan/uzrpa,n.uac) K02)PUIUMEHT TEeNI00TLaYuH ;

t (°c) TeMnepaTypa ;
M BHyTpPeHHMIl pagHyc M IMaMeTp TPYyOH ;
L JLINHE TPYOH MAM NAACTHHH ;
Y paccTOAHMe OT CTEHKHM B IAyOb NOTOKA ;

‘da pacueTHAsA TOAMMHA BABKOTO MOACNOA B TYPOyJeHI-
HOM NOTOKe

pacueTHas TOAMMHE TeNJa0BOro MOJCJNOA B Ty pOy~-
JIEHTHOM TIOTOEE §

TOJOUMHE TUIPOXVHAMUMYECKOTO NMOTPAHUYHOTO CJ04 3
TOAMUMEA TENIOBOI'0 MOrPAHMYHOTO CJOA §
EKOODAUMAATA, HANMpaBJAeHHAA BJOJIDb TEUCHUL

E03QPUIMEeHT CONPOTMBLEHHUA TPEHUA OPH TeUCHUH
B TpyoOe ;
oTHoweHHe K03DPUUMEHTOB NepeHoca KOJMYecTsa

IBUECHHS ¥ TEIJOTH B TYDPOyJNEHTHOM IOTOKE {Be-
JyyEHa ooparHas "TypOYJEHTHOMY" YUCIY llpakgraa),

NJIOTHOCT® CDPEXH ;

K03PYUIPEHT EHHAMUUECEOH BABKOCTH ;

K03phUIIAEHT KMHEMATHYECKOH BABKOCTH ;
YCKOpPeHMEe CUIH TREECTH

K03dPMIMErT TENAONPOBOZHOCTH
M.rpag.yac

KKal yIenbHAA TeNIOCMKOCTS ;
KT rpag.

k03pPUIMERT TEeulepaTyponpoBOLHOCTHE 3

rxoopduLIHEeHT Ty POyJECHTHON BABKOCTH
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2 KKAT KO3(nIuerT TypOylgeHTHOR TEnaonpoBOJHOCTH ;
T M rpafk.vac

u/yac CKOpPOCTDh TeyeHUd MOTOXA ;

v u/uac "GCKOPOCTb KaCaTeJbHOT O HanpAzerua" (npu
TeyeHuu B TpyOe, Ha CTEHEE

* v
V=Wq?
de3pa3MepHOe PACCTOAHME 0T GTEHRM
- yucho HyccenbrTa §
- yycao [panxTad ;
yucno Ilexne ;

yucno Peltrozpxca ;

OJOTHOCTH TENJOBOTIO IIOTOXKA HA CTEHKE,

Teuneparypa CTeHKH,

Hax OykBOJ - 3HAK OCDeJHEHHA.
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Puc. 1. CpaBHEHME pacnpegeeHnil TeMneparyp,MOJYYEHHHX B ONLTaX
CO CIIaBOM HATDHA~Kamull C pacCUMTaHHHMA, ©O = BKCIEDH-

MeHTa/lbHHE TOYKH ; - pacuer mo MapruHe M ;
pacueT no Jaiomy pagier d ’
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Puc. 2. Pe3yabTaTH pacueToB 3aBucuMocTH yuchaa NU oT umcia Pe

mpy yucaax P << 1 nmo cxeue C TENJOBHM NOZCIOEM.
A P =0,005 5 d Py =0, 01

o P~ =0,02; o P =0,03
—— - oCpeiHADNAs KpuBasd
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3 4 56 &8 0° 2 3 v 56 300 : 3

Pe

Puc. 3. lI;eay.rmrau'x,x p%cqe:rors SaBucuMocty ymcaa NU ot yyena Pe
pu ducnax Pv<<I 1o cxeMe ¢ mepeMEHHON! MO cevemup TPy OH

BeJuyuHo# &
Pt =0,005; P+ =0,02; P« =0, 03
— = 0CperHAnmaa KpuBas
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Lol Puc, 4. Pe3yAbTaTH ONHTOB IO TEMI00THAUYe K CIIABYy CBAHEN-BHCMYT

¥ K CBUHIY .
o PB-BL - MuxeeB, Bayu, Bockpecenckul, TeJHH-
3
o P8-Bi - bopumaHCKMi, KyraTenajnse, llHeidjepuaH,
lsameHKo
x P8 - H6parumon, CyG60OTHUH
i - PacyerHas KpuBad C DHC. 2
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Puc. 5. BiugHMe uuCTOTH ClaaBa HaTpuii-kaind Ha KOBQQUIMEHT Tello-
0THaYH . )
A - OYHCTKA MeTaila C NOMONBRD XONOKLEON JOBYIKHM j

B - jJoGaplieHue Merania, 3ar PASHEHHOT O OKUCIaMH
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Puc. 6. MzMeHenHne KO3pIMLMEHTA TENAOOTAYX K CIIABY HaTDUii-Kaiul
BO BpeMEHH.

Nu - 3HaveHue xputepus HyccenbTa, NONYYEHHOE B OIHT:
Nu, - 3HaveHue kpuTepua HycceiabTa, paccuuTaHHOE IO
dopuyrne : Ny, =7+0,025 Pe™’

nepsad CepuUa ONHTOB §
BTOpad CepuA ONHTOB §
OKUCJIeHHusl NOBEPXHOCTH
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Puc. 7. OnuTHHE JaHHHE IO TemnIo0Tiaye K CINI@BY HaTpuii-kaniuit u
HaTpuw. oNaK, a Na - MuxeeB, PenuHcxuii, Jeporuu (I8).
aNo - bopumanckuif, Kyrarenaxse, lHejnepuan (18); '

¢Na HoBuk 0B, COJNOBBEs. Xadakmamesa (20): =
CyoooTuH, C'ynopos, TpoAHOB (20)5 ‘e Nok - Rupuanos,

!/
5
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Puc. 8. Cxema ycTanoBKH i

. 8. a 414 U3y SE€HHMA TeniO00TIAauM K CIIABY HaTDHii-
Kanaui: 4 - 9jexTpOMArHUT Huik Hecoc 3 2 - Gak Hacocg; 3 -I-msx—
gnepnmemanbumﬁ yYacTOK 5 4 - XOJIONUJLHUK ; 5 = MeDHWHA Oax :
: - XOJOJHAad JOBYWEKa ; 7 = KOHIEHCATOD Mapa TOXyoNRa;
o xgggxgggggﬁ gn,zmr;aropa OK}CJIOB f - HHIMNETOD OKHCIOB ;

- HHOT'0 yDOBHA BOmH ; 11- ;

12~ ChAmsHod Gab yp A ; 11~ cervaTHit QuabTp

Approved For Release 2009/08/19 : CIA-RDP88-0904R0001 00120040-4

|

[
|



Approved For Release 2009/08/19 : IA—RD88-00904R000100120040-4 '

Puc. 9. CxeMa 3KxCcHEDUMEHTAJBHOTO yuyacTKa M NepPeIBUXHON TepMmomapH,
1 - tpyGa; £ - HarpesaTelb; 3 — TepMOllapa, M3MEPANLAA TeM-
nepaTypy XUEKOCTHM Ha BXoge ; 4 - TepMonapa, U3mepAbmas TeM-
nepaTypy HUEKOCTH Ha BHXOXE ; 5 - HHIMKATOD NMepeMeueHMs ne-
;])elmmﬁoﬁ TepHONAPH ; 6 - BUHT, NepeMemanuuii Tepuonapy ;

- cunboH; 8 - mapHup; 9 - nmepeiBUEHaA Tepuonapa ;
L0 -~ cnok oxucu aabMuuud ; 11 - TepMomupa B CTEHKE TDYOH
12 - cTeHKa TPYOH ; 43 = KJAMH Jad 3auYyeKaHKy TepMONapH ;
I4 - BHYTpeHHMK cJs0}f TennoBo} usoaAUMK ; 15 - TenJOMEDH ;
16 - HapyEHHI CHOM TelmIOBOM M30JALMK

Approved For Release 2009/08/19 : CIA-RDP88-00904R000100120040-4




